INTRODUCTION {#S1}
============

Dendritic cell (DC) potency is the key to viral defense mechanism as they are the antigen presenting cells. These APCs help in boosting host defenses against the viral infection. DCs provide a first line of defense following influenza virus A infection. I can detect viral products; DCs alert the immune system to the presence of infectious virus.^\[[@ref1]\]^ There are mainly four types of DCs in our body.^\[[@ref2]\]^

Type 1 and Type 2 -- conventional antigen presenting cells to T lymphocytesPlasmacytoid DC -- major IFN-1 producersMonocyte-derived DC -- produce inflammatory cytokines.

After inoculation of virus, during mucosal inflammation, the first DC exposed is monocyte-derived DC. However, the one responsible for cytokine and pro-inflammatory response to viral infection is plasmacytoid DC. It is also supposed to be the reason behind aggressive disease course in dengue and other viral infections.^\[[@ref3]\]^ Human SARS-CoV-2 virus causing COVID-19 also leads to dreaded course due to cytokine storm in lung tissue, leading to fatality.^\[[@ref4]\]^ Intervention to inhibit such cytokine storm from being generated can prevent cases from fatal outcome. Worldwide, deaths due to COVID-19 are increasing day by day. Measures to curb these deaths are underway with no obvious benefits. Patients at risk are the elderly and those with comorbid illness such as diabetes, hypertension, chronic airway diseases, and cancers.

Inhibition of the cytokine storm may prevent the emergence of fatal lung injury, as observed in many case reports, the cytokine milieu was higher in patients, landing in ICU as compared to non-intensive care unit patients. The recruitment of cytokine in the cytokine storm that results in fatal disease is similar to the activation of airway epithelial cells immune response. Airway epithelial response to viral infection is release of various cytokines such as interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), granulocyte colony-stimulating factor (CSF), and granulocyte-macrophage-CSF (GM-CSF).^\[[@ref5]\]^ High IL-6 levels are associated with disease severity, but ablation of IL-6 signaling, by IL-6 receptor antibodies, can lead to uncontrolled virus replication resulting in greater mortality.^\[[@ref6]\]^ TNF-α, on the other hand, leads to impair viral replication, enhances cytotoxic activity and cytokine production by leukocytes, and activates endothelial cells.^\[[@ref7]\]^ Elevated levels of TNF-α have been associated with greater morbidity during infection with highly pathogenic virus, and blocking activity of TNF-α attenuates immune- mediated pathology.

GM-CSF is elevated in COVID-19,^\[[@ref8]\]^ GM-CSF leads to the activation of DCs and macrophages. Which in other case should have recruited macrophages to clear viral-infected cells by phagocytosis? But that seems to be have been overwhelmed by immune-mediated injury to lung and mortality due to cytokine storm.^\[[@ref5]\]^

One thing is crystal clear that fatal course of COVID-19 is the result of mature immune response and resultant cytokine storm, leading to fatal lung injury. Hence, children have mild/moderate disease, but it is the elderly who are at risk.

MEASURES TO CURB CYTOKINE STORM {#S2}
===============================

Worldwide focus is on targeting IL-6, tocilizumab-IL-6 receptor humanized antibody has shown promising result in dealing with COVID-19 patients. It was previously used to treat rheumatoid arthritis.

Other studies are focusing on targeting GM-CSF. However, all these measures also put at the risk of increased viral replication.^\[[@ref6]\]^ Such measures can potentially cause more morbid outcome or prolonged course of disease. It may also lead to increased community transmission.

NICOTINAMIDE IN INFLAMMATORY LUNG INJURY {#S3}
========================================

Nicotinamide leads to the inhibition of poly ADP ribose polymerase (PARP) activity. This, in turn, inhibits inducible nitric oxide synthase expression, reduced free radicals and pro-inflammatory cytokines with restoration of adenosine triphosphate.^\[[@ref9]\]^ Nicotinamide is also used to mitigate acute lung injury due to bleomycin.^\[[@ref10]\]^ Nicotinamide and its structurally similar isoniazid, pyrazinamide are used to treat tuberculosis, nicotinamide is used in treating HIV.^\[[@ref11]\]^ In cases of COVID-19 infection and resultant cytokine storm, leading to acute lung injury, if we focus on restoration of ATP by nicotinamide supplementation, this approach may mitigate inflammatory response and ultimately outcome.

Elderly population is otherwise deficient in niacin, putting them at increased risk of tissue injury due to COVID-19 and poor recovery of tissue damage. Niacin supplementation will help them in restoring tissue damage.^\[[@ref12]\]^ It may result in better outcome. Aging leads to slower metabolism and reduced absorption of dietary niacin.

NICOTINAMIDE SUPPLEMENTATION MAY HELP COMBAT COVID-19 {#S4}
=====================================================

Targeting cytokine storm is what everyone targeting and it seems apt, but if we think of tissue restoration and prevention of damage due to cytokine storm, then supplementation of key factors needed for mitigating tissue injury should be taken into consideration. Niacin supplementation has shown reduction in pro-inflammatory cytokines although in animal model.^\[[@ref13]\]^

*In vitro* studies done on endotoxemia due to lipopolysaccharide, i.e., outer membrane of Gram-negative bacteria, known for inducing cytokine storm due to cytokine activation through aberrant pathway, leading to sepsis, were reduced by nicotinamide supplementation in a dose-dependent manner.^\[[@ref14]\]^

A systematic review of such supplementation suggested that Vitamin B deficiency may weaken host immune response; they should be supplemented to the virus-infected patients to enhance their immune system. Therefore, B vitamins could be chosen as a basic option for the treatment of COVID-19.^\[[@ref15]\]^

This systematic review also suggested role of Vitamin B3 (nicotinamide) as of potential use. Vitamin B3 treatment significantly inhibited neutrophil infiltration into lungs and produced strong anti-inflammatory effect during ventilator- induced lung injury (VILI).^\[[@ref15]\]^ In one study done on mice, nicotinamide was associated with hypoxemia in VILI, but even they mentioned that neutrophil-induced lung injury was reduced due to niacin supplementation.^\[[@ref16]\]^

![A perfect balance between Antioxidants and level of Reactive oxygen species , decides the outcome between immunosuppresion and Cytokine storm.^\[[@ref24]\]^](IJMS-72-025-g001){#F1}

ROLE OF PARP INHIBITION IN ACUTE LUNG INJURY {#S5}
============================================

PARP plays an important role in the immune response of lung.^\[[@ref17]\]^ PARP-1 inhibitor decreased the levels of IL-6 and active plasminogen activator inhibitor 1 in the lungs, attenuated leukocyte lung transmigration, and reduced pulmonary edema and apoptosis.^\[[@ref18]\]^ PARP is known to have pathogenesis in mechanical VILI.^\[[@ref19]\]^

TARGETING PARP IN COVID-19 -- CAN IT BE USED FOR MASS PROHYLAXIS? {#S6}
=================================================================

Considering the molecular mechanism of COVID-19 targeting PARP is a sensible approach, out of which nicotinamide can be economical way to deal with PARP inhibition. PARP inhibitors can be repurposed in acute lung injury.^\[[@ref20]\]^ PARP inhibitors in clinical development mimic the nicotinamide moiety of nicotinamide adenine dinucleotide. Hence, nicotinamide, which is the first PARP inhibitor, has activity against PARP-1, PARP-2 can be used as PARP inhibitor.^\[[@ref21]\]^

The body's niacin requirement is met not only by nicotinic acid and nicotinamide present in the diet but also by conversion from the dietary protein-containing tryptophan. The relative contribution of tryptophan is estimated as follows: 60 mg of tryptophan = 1 mg of niacin = 1 mg of niacin equivalents.^\[[@ref22]\]^ Nicotinamide recommended daily allowance is 0.3 mg/kg/day as recommended daily allowance. However, the dose needed for PARP inhibition is between 300 and 500 mg/kg. It is a very high dose of nicotinamide. Adverse effects of nicotinamide are rare and have occurred mainly with high oral doses (≥6g/day), which include nausea, vomiting, liver toxicity, headache, fatigue, and dizziness.^\[[@ref23]\]^

We must also know that dealing with immunity, one must be sure of timing of the administration of antioxidant to modulate immunity as suppression. Following figure may explain it in better way.

ROLE OF ANTIOXIDANT SUPPLEMENTATION {#S7}
===================================

Reactive oxygen species (ROS) levels decide immune responses. The levels of ROS lead to the physiological responses of inflammatory cells. High levels of intracellular ROS levels result in exaggerated inflammatory responses associated with cytokine storm, and relatively low ROS levels give hypoinflammatory response, leading to immunosuppression. ROS levels in the intermediate range result in normal immune cell function.

The use of antioxidants may only be beneficial during periods of exaggerated inflammatory responses but may be detrimental during periods of relative immunosuppression. Thus, the efficacy of antioxidants is dependent on an individual's inflammatory response profile with timing and duration of antioxidant administration critical to demonstrating a salutary effect. As a therapeutic intervention, individualizing dosing will likely be a crucial element in optimizing the potential of an antioxidant strategy.^\[[@ref24]\]^
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